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Henry Boerrigter (business development) 
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Make consumers enjoy 
healthy, delicious and convenience food 
and 
sustainable, bio-based products 
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Food for healthy lifestyle 
• Fresh or mildly processed fruits & vegetables 
• Obesity & satiety 
• Chilled meal solutions 
• The informed consumer. 
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Sustainable Food Concepts 
Orchestration in Fresh logistics 
Energy saving 
Fresh shopper experience 
Agri Business Parks 
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3. Biobased Economy 
• Biobased Materials 
• Polymers 
• Fibres 
• Biobased Chemicals 
• Biobased Energy 
• 2nd gen. biodiesel 
biodegradable 
plastic 
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• Fresh, Food & Chains 
• FTC: Food Technology Centre 
• PQT: Post harvest Quality & Technology 
• LIVE: Logistics, Information & Vision engineering 
• CICS: Centre of Innovative Consumer Studies 
• Bio-Based Economy 
• Bioconversion 
• Sustainable Chemistry & Technology 
• Fibre & Paper Technology 
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Welcome (Henry Boerrigter) 
• Basics of product quality and ripening 
• Ernst Woltering (WUR) 
• Reefer technology aspects related to Quest control mode 
• Leo Lukasse (WUR) 
• Quest project and results 
• Janneke de Kramer (WUR) 
• Lunch at Restaurant of the Future (12.30h) 
• 100 mtr. walk 
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Quest control mode implementation 
• Morten Rene Baerentz (Maersk Line) 
• CSI: container scene investigation 
• Jurriaan Mes (AFSG) 
• Produce disorders of exotic fruits in the real world 
• Hans Blokdijk (Natures Pride) 
• Practical: disorder examples: room Q3.18 
• Jan Verschoor (AFSG) 
• Informal aftermath 
• Cooking event at Restaurant of the Future (18.00 - 21.30h) 
• 100 mtr. walk 
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Basics of refrigeration technology 
• Frank van de Geijn (AFSG) 
Introduction of a new Reefer CA system 
• Asger Juncher Metais (MCI) 
Ethylene scrubbers in avocado CA transport 
• Henry Boerrigter (AFSG) 
Controlled Atmosphere in Reefer Containers 
• Anton van Rooij (Carrier Transicold) 
Lunch break in meeting room 
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Marine freight of cut flowers and plants 
• Harmannus Harkema (AFSG) 
Handling and shipping melons 
. Eelke Westra (AFSG) 
Excursion to AFSG research facilities (facultative) 
Short evaluation 
• Henry Boerrigter 
Closure of the course: 16.00 hrs. 
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Time to start! 
For a fruitful event 
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Ernst Woltering 
Basics of product quality and ripening 
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For quality of life 
Fresh Produce Innovations 
• What is Quality? 
• Respiration 
• Ethylene 
• CA Storage 
Final aim is to develop the knowledge and technology to 
deliver high quality produce to consumers 
• Quality = What the consumer wants! 
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Quality has many aspects 
- Appearance/firmness/lack of disorders 
- Storage life/remaining shelf life 
- Flavor/taste 
- Nutritional content (health promoting compounds) 
- Predictability 
Postharvest research has been focused very much on appearance and 
shelf life, not on flavor/taste and nutritional content 
Different players in the production and distribution chain have different 
ideas about quality 
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For quality of life 
grower Distribution 
I Trade 
I 1 
Production (Kg) Keepability 
Free of damage Predictabilty 
Resistance Uniform 
Uniform 
retail consumer 
Keepability Keepability 
Appearance Flavor 
Health 
Convenience 
Variation 
• New quality aspects: taste/flavor, health and convenience 
• Postharvest research very much focused on storage 
• Co-operation in the chain (transparency) is necessary to 
guarantee quality 
What is Quality? 
Respiration 
Ethylene 
CA Storage 
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Pre harvest & Post harvest 
Pre-harvest physiology 
growth/developmental processes 
biomass production 
flowering/fruiting 
photosynthesis Harvest 
Post-harvest physiology 
deteriorative processes 
accelerated development 
respiration 
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Species postharvest life on-tree life 
carnation 
orchids 
apple 
pear 
avocado 
tomato 
7-12 d 
7-14 d 
14-30 d 
14-30 d 
7-14 d 
12-16 d 
21-35 d 
100-300 d 
30-60 d 
30-90 d 
>300 d 
12-16 d 
Harvest induces drastic changes in metabolism 
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A 
Respiration 
(ml C02 kg-1 h1) 
A=harvested 
B= on the tree 
sept. 
Date okt. nov. 
Climacteric respiration in Bramley's Seedling-apple, harvested 
(A) or attached to the tree (B). 
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• Harvested products are alive, but no longer supported by the 
plant (water and nutrients) 
• "fresh" fish, meat or chicken is dead 
• At ambient temperature, harvested crops will deteriorate 
very fast 
• To enable global trade we need to develop knowledge and 
technology to preserve product quality 
• About 33% of harvested produce is never consumed 
Respiration 
• 
Photosynthesis 
i 
Heath 
Respiration | 
J carbohydrates + oxygen >>>> carbon dioxide + water + energy (ATP) 
Note: water produced during respiration has nothing to 
do with transpiration!! 
Transpiration is dependent on Vapour Pressure 
Difference and Skin Resistance 
• Use of 02 (minimum [02] necessary) 
• C02 production (has to stay below certain limits) 
• Heat production 
- Increase in respiration rate 
- Increase in transpiration rate 
• Changes in chemical composition (use of organic acids, lipids, proteins) 
• Temperature and concentrations of 02 and C02 affect respiration 
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Q10=appr. 2.7 16500 
I3200 
CD 9900 
> 6600 
3300 
Loose/eaf 
in Air 
Crisphead 
under 2% O2 
90 
4 I  5 0  5 9  
Temperoture 
Effect of temperature on respiration rate and vital heat pro­
duction by three types of lettuce. Also shown is the effect of 2% 
O 2 on reducing respiration rate of crisphead lettuce (froin Ref. 12). 
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Heat production at different temperatures (kcal/ton/24 hours) 
Temperature (°C) 
Produce 0 5 10 15 20 
Potato 380 325 400 575 700 
Apple 165 355 530 885 1200 
Tomato 320 425 750 1450 1875 
White cabbage 340 475 700 1125 2250 
Cucumber 405 600 1150 2225 3375 
Asparagus 1275 1650 3150 5000 6750 
Brussels sprout 1200 2400 4075 5630 10400 
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A schematic representation of the effects of 02 concentra­
tion on aerobic and anaerobic respiration rates of fresh vegetables. 
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%co2 
40 100 
Schematic representation of the effects of CO 2 concentration 
on aerobic respiration (O2 consumption) and anaerobic respiration 
(acetaldehyde and ethanol production) rates of fresh vegetables. 
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Effect oxygen and carbon dioxide on respiration pear 
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Fresh Produce Innovations 
• Climacteric fruits/vegetables show a transient increase in 
respiration (induced by ethylene?) 
• Harvest induces changes in respiration and associated 
physiological and biochemical changes 
• Respiration can be slowed down by lowering the 
temperature, the oxygen concentration and by increasing the 
C02 concentration 
• What is Quality? 
• Respiration 
• Ethylene 
• CA Storage 
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CH, -COOH 
ZEATIN INDOLEACETIC ACID 
COOH 
COOH 
ABSCiSIC ACID GIBBERELLIN A, or GA 
Fresh Produce Innovations 
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Effects of ethylene in plants 
• Ethylene from outside sources (synthetic or biological) or 
from own biosynthesis has similar effects: 
- Ripening (softening, production of characteristic taste/flavor) 
- Senescence (cell death) 
- Abscission (leaves, flowers, fruit, ..) 
- Yellowing 
- Color synthesis (production anthocyanins, breakdown chlorophyll, ...) 
- Suppresses growth 
- Developmental processes (flower formation, root formation, .. 
- Stimulation of fungal infections 
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Ethylene is a plant hormone 
All plants produce ethylene 
Ethylene is a gas 
Ethylene affects developmental processes 
Ethylene affects growth 
Ethylene causes ripening and deterioration 
Ethylene act as a signalling molecule between plants 
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C 
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E 8 
Ethylene (10 ppm) 
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20 40 60 
Time (minutes) 
Fresh Produce Innovations 
Ethylene 
Tulipaline 
breakdown 
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Fusarium infection 
\ 
Ethylene 
Fusarium 
infection 
Ethylene 
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receiver sender 
Production of phenolics 
less herbivory 
ethylene 
Up to 100m down wind 
Fresh Produce Innovations 
Ethylene is involved in ripening (softening, coloration and 
taste/flavor production) in: 
• apple 
• pear 
• mango 
• tomato 
• banana 
• melon 
• Avocado 
Ethylene causes ripening but also deterioration 
Off-flavors 
Pectin degr lation 
Green »» Yellow 
Starch »» Sugar 
Cell wall loosening 
HaUPr Production 
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Ethylene is involved in degreening/pigment synthesis/softening but not so 
much in taste and flavor in: 
• strawberry (and other berries) 
broccoli 
grapes 
bell pepper 
artichoke 
lemon 
star fruit 
oranges 
Cucumber 
Ethylene is mostly negative for quality 
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ETHYLENE SYNTHESIS PATHWAY 
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Factors Modulating Key Enzymes 
ACC Synthase 
+ Ripening, IAA, wounding, (lower senescence, 
water stress, flooding 
- Aminoctltoxyvinylglycinc (AVG). amino-
oxyacetic acid (AOA). rhirobitoxine 
OH OH 
ADP 
A 
5' Mcthylthio-
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ATP OH OH 
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N-Miilonyl-ACC Physiological 
Response 
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(a) Ethyterie 
_L 
ETR1 ERS1 ETR2 EIN4 ERS2 
Receptors 
His I 
R I 
Signal transduction 
cascade 
Metal transporter 
Transcription 
factors 
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MAPK module 
RflAAAD 
EIN3 
Primary targets 
iGCCr ' Secor-dary targets 
(b> 
/ i 
CTR1 MAPKKK 
1 
SIMKK 1 MAPKK 1 
SIMK MMK3 MAPK 
MPK6 (MPK13) 
i 
EREBPs 
fREMDS Art nart O&eoc* 
Fresh Produce Innovations 
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Ethylene biosynthesis -f 
Autocatalysis 
T 
ethylene 
1 —y 
• 
receptor _• Signal transduction 
1 
\ 
• 
Gene expression —i • Effects \ 
* \ 
Ripening \ 
Senescence \ 
Ethylene biosynthesis 
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fill Ml] ft] 113 11 
l-MCP 
Rohm & Haas, Philadelphia USA 
Floralife Ethylblock (for flowers) 
AgroFresh SmartFresh (F&V) 
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SmartFresh quality Crop Overview 
• The SmartFreshSM Quality System ensures that packers 
and shippers of fresh produce and their retail customers 
can offer consistently high-quality produce to consumers 
with total confidence. Consumers enjoy the benefits of i i
these best-quality fruits and vegetables for longer. 
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1-Methylcyclopropene (1-MCP) Ethylene 
1-MCP prevents ethylene from occupying the receptor 
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•air ylene response 
Ethylene biosynthesis 
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O.Ol PPB 1-MCP protects against 1000 ppb Ethylene 
Apparently 1-MCP has a much stronger association with the 
receptor than ethylene 
The effect of 1-MCP is relatively short lasting 
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Ethylene causes ripening and senescence 
Better to harvest more mature and suppress ethylene during 
distribution/storage than to harvest immature and treat with 
ethylene 
Tools to block ethylene: 1-MCP, genetic modification, CA 
conditions 
Ethylene is important for flavor/taste!! 
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What is Quality? 
Respiration 
Ethylene 
CA Storage 
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Controlled and modified atrr 
Ingredients 
• Low temperature 
• Low oxygen concentration 
• Increased C02 concentration 
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Decreased temperature: 
decreased respiration 
decreased ethylene sensitivity 
decreased ethylene production 
Decreased oxygen: 
decreased respiration 
decreased ethylene sensitivity 
decreased ethylene production 
Increased carbon dioxide 
decreased respiration 
decreased ethylene sensitivity 
decreased ethylene production 
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• Optimal conditions are dependent on species, variety, year, 
origin, orchard, developmental stage 
• Fixed values are used (compromise) 
• Communication with stored produce is necessary to optimize 
the storage conditions 
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Concentration 02 21% 
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Anaerobic 
respiration Aerobic respiration 
R.Q,=002/02: <1,4 R,Q.:>1,5 
ACP Anaerobic 
Compensation Point 
Lowest 02 Limit (LOL) 
Makes use of oxygen stress in chloroplasts 
This correlates with anaerobic respiration (that you want to 
avoid) 
HarvestWatch system 
Chlorophyll fluorescence change is used as a marker for 
stress 
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Inject oxygen 
02 = 2#, 
\ 
Stress Response: 02 = 1.3% 
3 
Safe; 02 = 1.4% 
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Dynamic control system (DCS) 
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Optimise 02 level through monitoring ethanol 
Fresh Produce Innovations 
Ethanol 
Longer storage duration and better quality (taste and firmness) 
Fresh Produce Innovations 
Ethylene 
perception 
Low temp 
Low 02 
High C02 
CA conditions 
Respiration 
activity 
Ripening and senescence 
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Leo Lukasse 
Reefer technology aspects related to 
Quest control mode 
Reefer units and flowerbulbs 
by: Dr. Leo Lukasse 
Date: March 19, 2009 
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Flowerbulbs in reefers 
Reefer containers, general issues 
Reefer unit settings 
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In 2006: 
• approx. 6500 flowerbulb shipments in reefer containers 
80% comes from NL, 60% to US. 35% to Far East 
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Tulip (+5 ~+23 °C): 
• Ethylene damage (Fusarium, 100 ppb, fresh air) 
• Penicilium, moulds (humidity, 60 -75%) 
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Lilium (-2 ~ 0 °C): 
• narrow temperature tolerances 
• damage visible (sprouting/freezing) 
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Relevant climate aspects 
temperature, RH, gases 
(esp. ethylene) 
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7 of 31 
• (Nearly) always: keep dry (dehumidification) 
• EXTREMETIES: 
• Tulip bulbs @ +19 ~ +23 °C, 75% RH, excessive 
ventilation 
• Lilium bulbs @ -1.5 °C 
• Iris bulbs @ +30 °C 
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• Able to deliver all species of 
flowerbulbs in good shape? 
Able to carry any reefer cargo! 
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Flowerbulbs in reefers 
Reefer containers, general issues 
Reefer unit settings 
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In 2006: 
• 750,000 reefer containers 
3,000,000 reefer container shipments (7.5% annual growth) 
AMBURG 
A 
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number of trips 5 trips/year 
avg. duration of trip 28 days/trip 
perishable mode power consumption 5.5 kW 
frozen mode power consumption 2 kW 
frozen mode shipments 50 (% of all shipments) 
Specific Fuel Oil Consumption 200 g/kWh 
el. price 0.09 USD/kWh 
electric energy usage 12600 kWh/year 
fuel oil consumption for electricity 2653 (L fuel oil)/year 
C02 emission 7029 (kg C02)/year 
fuel oil costs 1168 USD/year 
C02 emission of 750,000 reefers: 5 Mton per year 
equals 30 billion car km's, or 1.5 million cars (20,000 
km/year) 
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Flowerbulbs in reefers 
Reefer containers, general issues 
Reefer unit settings 
A G R O T E C H N D L D G Y &  
F O O D  S C I E N C E S  G R O U P  
W A G  E N I N G E N  
15 of 31 
issue no. Setting 
1 temperature 
2 fresh air vents 
3 defrost interval 
4 RH (dehumidification) 
5 bulb mode 
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• Supply air temperature (SAT) control 
• 
(traditionally, pre-Quest!) 
• Usually return air temperature = SAT + {0.5 - 1.0 °C} 
• Usually cargo temperatures < SAT + 1.5 °C (fans at high 
speed) 
• Cargo temperatures deviate due to: 
• Autonomous heat production 
• Heat / cold ingress from outside 
A 
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Fresh air setting î fresh air realized 
Max. capacities (manufacturer specs!): 
• 190 CMH (Daikin) 
• 285 CMH (TK) 
• 225 CMH (Carrier) 
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Fresh air ~ fan speed 
fan speed is affected by: 
•  5 0 / 6 0  H z  
• economy mode 
• Dehumidification (hi, lo, alt) 
ice formation (defrosting) 
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Why ventilate? 
• Refresh gases (oxygen, C02, ethylene) 
• Dehumidiiication ij#-» * 
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Adverse effect of ventilation 
• Moisture ingress -> ice, relative humidity 
• Ethylene prod. 5 ml/h 
• Amb. hum. 20 g/kg 
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• Why defrost? 
• refrigeration capacity 
• air flow 
- MHmrii 
±mam iiiàiimmj « «» cratmatnsïiiai «»»Mm**« _j 
wmm-
Only Partially Frosted 
Evaporator Coil 
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• Manually set at 3, 6, 9, 12 or 24 h, or AUTO or OFF 
• AUTO is becoming ever more standard 
• TK's Magnum solely relies on AUTO 
• One defrost takes at least 30 min. (fans off) 
• 6h defrost interval pretty common, but frequent! 
• Don't defrost when set temperature > 10 °C 
• Use 'reefer settings support tool' for advice 
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eefer unit setting 4 of 5: RH (dehumidification) 
• Many, but not all, reefers have dehumidification 
• How to reduce RH: 
• Less ventilation 
• Lower fan speed 
• By default dehumidification yields alt fan speed (± 
25% less fresh air!) with Carrier and Daikin 
• Use 'reefer settings support tool' for advice 
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Trial: two reefers with Tulip bulbs from NL to 
Southern hemisphere on one vessel, besides each 
other (Sept. 2008): 
• 1) fans Low, FAE = 170 m3/h. 
• 2) fans High, FAE = 85 m3/h 
• Tset = 20 °C, 
• RHset = 70%. 
JJL 
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• Only software issue. 
• If bulb mode 'on' then: 
• Fan speed may be set at lo, hi or alt (RH, AT, fresh air) 
• Defrost termination temp, adjustable from ± 30 to 4 °C 
AA G R O T E C H N D L O G Y  &  F  •  •  D  S C I E N C E S  G R O U P  W A G E N I N G E N  • • • : •  
settings: 
temperature setpoint 
fresh air vents 
defrost interval 
relative humidity setpoint 
fan speed 
defrost termination temperature 
actuators: 
fresh air vents 
heaters 
1 fans (evaporator / 
condenser) 
compressor (loading) 
produce quality 
at departure 
climate: 
temperature 
humidity 
energy costs 
produce quality 
al delivery 
other aspects: 
duration of trip 
container U-value 
20 ft/40 ft HC 
stowage & packaging 
open space above cargo 
container precooling 
cargo precooling 
open drainholes 
unit's heating, refrigeration, and fan 
capacity 
moisture, heat and ethylene 
production of the produce 
sorting produce prior to trip 
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Janneke de Kramer 
Quest project and results 
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Introduction: What is QUEST ™? == *• -mm• tm -• -» 
y- 5 :• » I -
The QUEST ™ principle 
QUEST ™ control logic 
Quest lab product quality research 
Trial Shipments 
Carton temperature measurements 
Conclusion: QUEST ™ helps fight global warming 
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" TM? 
The QUEST ™ energy saving software is one of the 
results of the joint research project Quest ('02 -'05). 
Quest stands for: 
'QUality and Energy 
efficiency in 
Storage and Transport 
of agro-materials'. 
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2002 - 2005: original Quest project with consortium 
2006 - 2007: QUEST ™ energy saving software for 
reefer containers further developed and tested by: 
MAER5KLINE| 
2007 - 2008: Implementation in Maersk Line fleet 
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Freezing mode 
Perishable mode: supply air ±0.25°C 
QUEST mode: setpoint protocols 
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A reefer unit is designed to both freeze and cool 
Part load is less efficient than full load 
Perishables, e.g. bananas, are cooled in part load 
compressor on/off 
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50% energy savings for reefers, 
while maintaining produce quality 
QUEST ™ regular controller design: 
• Use compressor at higher efficiency by cycling on and off 
-> save energy 
Carefully designed temperature limits and settings 
-> keep produce at correct temperature 
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QUEST ™ regular controller design: 
• Resulting temperature fluctuations are dampened 
-> by packaging and 
-> slow response of produce metabolic processes 
• Different setpoints use different limits and settings, 
-> based on results from A&F product research 
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After the pulldown limit is reached, QUEST ™ cycling starts 
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Cycling logic is based on carefully designed temperature limits 
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Both supply and return air temperature are limited 
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Cycling limits keep produce at the correct temperature 
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The temperature fluctuations are dampened by the carton: 
Because of the carton barrier, it takes time for the 
temperature of the air inside the carton to follow a change. 
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Simulated transport conditions: 
• Standard transport temperature 
• Low constant temperature (for comparison) 
• Fluctuating temperature profiles 
Product quality evaluation (internal and external): 
• Before transport simulation 
• After transport simulation 
• After shelf life period 
Evaluation statistical significance 
• Determine if batches differ or not 
(given e.g. biological variance) 
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Iceberg lettuce from Spain 
500 heads 
10 day transport simulation at A&F 
• 0°C constant (as reference) 
• Quest fluctuation for 0°C setpoint 
• -2°C constant (for comparison) 
5 days shelf life 
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Quality parameters related to low temperature: 
• External rot, pink ribs 
• Internal brown, internal red 
Same quality for QUEST ™ and reference: 
Im 
• Serious freezing injury at -2°C constant: 
> Quest OK! 
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Emission and energy savings without reducing 
quality compared to standard storage conditions 
Shown for: 
apple, kiwi, pear, grape, 
mango, bell pepper, melon, 
mandarin, banana, avocado, 
nectarine, lettuce, lily bulb 
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Test QUEST ™ in real life situations regarding: 
• emission / energy savings 
• temperature distributions 
• quality: no chilling injury, no negative quality effects 
• checked by consignees, surveyors and WUR scientists 
• software 
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Product Quality with or 
without QUEST ™ 
Quality with QUEST ™ 
same as with Ref? 
Apple Soft Yes 
Mandarin Good Yes 
Pineapple Good - (test error) 
Melon Immature Yes 
Mango Suboptimal (rot) Yes 
Banana Good l.Yes 2. Hot spots 
'Banana settings were adapted after trial: -0.5 °C to have carton temps closer to setpoint 
XI 
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Mango shipments: , 
III lr" - , ima 
• Consignee: S 
"Mangoes from both containers are 
of good to very good quality; I prefer the quality from 
the test container to the normal one" 
• Surveyor: 
"There was no significant difference in the arrival 
condition of the fruit" 
"No chill was apparent to the fruit" 
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Banana shipments: 
• Consignee: 
"The bananas from the test container 
have a bright green color" 
• Scientist: 
"No chilling injury was found at arrival, 
after ripening or after three days of 
shelf life simulation." 
m±-
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setpoint: 13.5°C 
——Tusdal 
—— Tusda2 
——Tusda3 
Tcargo -
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Pulp temperatures in CA (non-Quest) Banana container 
0 2 4 6 8 10 12 14 16 18 
t(days) 
I- 13-
1 2 -
11 
10 
9 -
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Non-Quest QUEST 
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• E.g. Maersk Line estimates that after complete 
implementation in 2009 her fleet will save 
380,000 ton C02/yr 
• An enormous amount of savings! 
The equivalent of 2.3 billion car km's 
or the effect of 1,900,000 low energy lamps 
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End of presentation 
-> for more information contact: 
ianneke.dekramer@wur.nl 
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Morten Baerentz (Maersk Line) 
Quest control mode implementation 
O MAERSK UNE 
QUEST 
CENSALREF March 2009 
O MAERSK LINE 
QUEST - QUality and Energy efficiency in Storage and Transport 
QUEST history 
Emission reductions 
Implementation status 
Comments / Questions 
CENSALREF March 2009 
Q MAERSK LINE 
QUEST 
History 
The project was initiated and funded by the Dutch Government via the Economy, Ecology and 
Technology (EET) programme. 
The project, which was based on previous studies by the University of Wageningen / 
Agrotechnology and Food innovation (A&F), commenced on 29. March 2002 and closed on 31. 
December 2005 
The partners were composed of 8 industry service providers and fresh produce exporters/ 
importers. PONL was the only participating shipping line with Carrier Transicold being the only 
reefer unit supplier 
Maersk Line entered the project as of November 2005 and started testing the concept after the 
official project (and government funds) was closed down. 
Only the project partners could use the concept until an 18 months exclusivity period expired as 
of July 1, 2007. Maersk Line has a 50 year license agreement with A&F as from June 2006. 
The concept will replace today's temperature management, of keeping a steady cargo 
temperature in cold stores and Reefer containers, by a temperature fluctuation 
program based upon the optimal cargo temperature. 
CENSALREF March 2009 
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Emission reductions 
DTMS I y 
Daikin 24% 130 • 100 kg C02/ day 
QUEST 
Carrier - ThinLine 53% 110 • 60 kg C02 / day 
Carrier - EliteLine 50% 90 • 45 kg C02 / day 
Carrier - PrimeLine 40% 70 • 40 kg C02 / day 
Thermo King 45% 75 • 40 kg C02 / day 
StarCool 36% 60 • 40 kg C02 / day 
Î 
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Implementation status 
O MAERSK LINE 
27% 
0°/o 
2% 
11% ^  
2°/o 
6% 1% 
51% 
• Carrier updated 
• Carrier not updated 
• StarCool updated 
• StarCool not updated 
• Daikin updated 
• Daikin not updated 
• TK updated 
• TK not updated 
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QUEST 
Implementation status 
Not updated 
32% 
• Updated 
m Not updated 
Updated 
68% 
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QUEST - QUality and Energy efficiency in Storage and Transport 
Low energy bulb 
Comments / Questions 
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Jurriaan Mes 
CSI: Chain Scene Investigation 
-Geéamtteataiorv 
aturated 
+ 2NaOH V 2 H20; 
COC NA* 
LexisNexis 
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DIAGNOSISTIC MODULE 
CLINICAL 
HIV INFECTION 
Prima.!y Infection 
CLINICAL 
FINDINGS 
• Pathogens 
• Mycelium, wet bac spots 
• Temperature 
• Normal or different from settings 
• Damage 
• Fysical, water etc 
• Etc, Etc 
Diagnosis 
MQ. 
HIV INFECTION 
I NEQAHVË] 
Cultivar 
Biological 
variation 
Growth conditions 
Harvest time 
Postharvest 
treatments 
Temp fluctuations 
Physiological 
effects 
A 
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• Product 
selection 
• Package 
• Pile-up 
• Product-
product 
interaction 
• Temperature 
• RV 
• Condensation 
• Airstream/Ethylene 
• Pathogens 
BEHEEfOTl 
• Season ^^bbm 
• Whether conditions 
around harvest time f 
• Pathogen problems 
• Developmentalstage 4tk 
• Applied stresses, ! £\ . 
order and timing 
Post harvest treatments 
Preconditioning before storage^ iL 
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Incoming rRNA 
carrying an 
amino acid 
Geris o/j 
DNA 
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Transcription 
mRNA 
TTT 3 S 5 I  I I I I ! ITTTm-® 
Märe InFi J J / \  U G C A G C U C C G G A C U C C A U  
JVJOJTB 
protein 
Effect 
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Anticodon 
Codon 
G A G  
Translation 
Less mRNA 
\LeuhACC A 
Growing polypeptide chain 
Less 
pr 
Same cultivar 
picked at same firmness stage 
stored at same temp/RV 
Days from pick until firmness threshold 5 
00 O 00 O 
• •• • • • • • 
• • • • 
14 21 28 35 42 
• april • juni augustus september O apr-04 sep-04 
49 56 
tijd [dagen] 
De same cultivar can have extreme differences in performance 
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Resistance to pathogens 
Susceptibility to treatments (ethyleen, 1-MCP, 
pesticides, temperature etc) 
Climacteric and Non-climacteric (ripening 
accelerated by ethylene) 
• Climacteric: Banana, Mango, Apple, Avocado, Tomato, 
Papaya, Kiwi, Melon 
• Non-climacteric: Pineapple, Oranie. Lvchee. Grape, Melon 
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• Pesticides/herbicides 
• Direct cooling or slow adaptation 
• Rest between harvest and application 
• Hot water treatment 
• Chloride dip 
• etc 
'a i 
'%Si ® 
& ätk 
Dr Yang Hong sen 
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Michael E. Wisniewski 
ML5400 
Onlctorf 
Biotic - living factor 
• Pathogens 
• Virus, bacterial, fungal, nematodes 
• Insects 
• Other pests 
Other 
• Mechanical 
• Environmental 
• Chemical 
• Physiological 
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Sample pad 
Pathogen infertil 
Dr. Aart van Amerongen, Biomolecular Sensing & Diagnostics 
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Conjugate pad Nitrocellulose membrane 
• Microscopic 
• Plates, selective media 
• takes several days 
• Antibody based detection 
• Fast, sensitive, specific 
Carbon particle 
Absorbent pad 
Control line • 
VT 2 
VT 1 + VT 2 
0157:H7 • 
Dr. Aart van Amerongen, Biomolecular Sensing & Diagnostics 
allergen from 
Aspergillus in bakeries 
Sample window showing line 
specificity of multi-analyte VTEC 
Detection of E.coli 0157 and 
verotoxins 
Detection Bilharzia 
antigen in human 
urine; being 
commercialized at 
the moment 
Results in 15 minutes 
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Dr. Aart van Amerongen, Biomolecular Sensing & Diagnostics 
I 
• Tests available for many 
pathogens 
• Multiply very small part 
of DNA of pathogen 
• Fast, very specific, very 
sensitive 
absorption pad 
<r- sampling pad 
tube with dry carbon conjugate 
-4- nitrocellulose membrane 
•<- control line ligand 
test line ligand 
WJsl 111 i iM gij tl iTsHsIi 
Fast, 1-2 hours 
Differentiate death or living pathogens 
Quantitative pathogen combinations 
• Primary responsible 
• Secondary infections 
r-zm3 
3 P2 
PI (F?) (q 
5  . 3 '  • 
P1 = Forward Primer 
P2 = Reverse Primer 
P3 = Fluorogemc TaqMan® 
hydrolysis probe 
R 5 e: J> ctea 
K.V, <Q> 
xonuciease 
l vage 
1 Continued DNA synthesis and 5'exonudease cleavage 
Key 
Repor ter 
Quencher 
13 
11 
9 -
4) 
8 7-2 
J 5 
u _  
3-
1 
Positive 
tick 
samples 
• Quantitation 
standards 
10 15 20 25 
Cycle 
30 35 40 45 
Physiological disorders 
Perceived signal (T,RH,C02/02, P 
Effect on gene expression 
Altered mRNA composition 
Altered protein composition 
Altered metabolite composition 
Phenotypic change/ visible disorder 
prennent 
Microarray analysis 
Selectie spotten 
Laser 1 
Laser 2 
•  • • « •  c  
•  • • • • •  
U  P  
A G  R O T E !  
F D D D  S  C l  
ISSH11 nr067 
SSH09nr064 
SSHI0nr05G 
SSH04nr0S5 
I SSH04nr001 HEAT SHOCK PROTEIN HSS1 
lsSH13nr096 heat shock protein 70 
S S HI 2nr033 HEAT SHOCK PROTEIN HSS1 
I SSH02nf054 heat shock protein 70 
I S SHI 0nr031 HEAT SHOCK PROTEIN HSS1 
• S SHI 2nr055 HEAT SHOCK PROTEIN HSS1 
• SSH02nr004 heat shock protein 70 
|SSH11nr024 HEAT SHOCK PROTEIN HSS1 
lsSH11nr039 HEAT SHOCK PROTEIN HSS1 
IS S H 09nr086 HEAT SHOCK PROTEIN HSS1 
• SSH01 nr056 HEAT SHOCK PROTEIN HSS1 
• SSHI 0nr005 HEAT SHOCK PROTEIN HSST 
lsSH04nr088 HEAT SHOCK PROTEIN HSS1 
• SSH11nr082 Geen Omschrijving 
• SSH1 2nr025 HEAT SHOCK PROTEIN HSS1 
ÏSSH10nr082 Geen Omschrijving 
|sSH09nr04G HEAT SHOCK PROTEIN HSS1 
ISSHI2nr093 HEAT SHOCK PROTEIN HSS1 
lSSH09nr030 HEAT SHOCK PROTEIN HSS1 
ISSHI 0nr072 sniffer CGI0964-PA 
ISSHI OnrOI 3 HEAT SHOCK PROTEIN HSS1 
• SSHI 1 nr065 HEAT SHOCK PROTEIN HSS1 
[SSH12nt056 putative sugar transporter 
[sSH13nr077 putative sugar transporter 
putative sugar transporter 
Geen Omschrijving 
small heat shock protein 
putative sugar transporter 
putative sugar transporter 
A 
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F O O D  S C I E N C E S  G R O U P  
W A G E N I N G E N  HT» 
economieecologietechnologie \k Productschap V f Tuinbouw 
sure 
Easy sampling 
Four steps in the NSure sampling procedure 
1 pick 15 leaves (for roses: outer petals) random from the batch, pile them up 
and cut out a small portion 
2. Transfer the leaf sample into the test vial - crush and mix shortly with the 
micro-pestle 
3. The fluid now contains the molecular content of the leaf cells. 
4 Transfer 1 droplet of liquid from the test vial onto the sample card. Let dry and 
send to NSure laboratory 
NSure assays 
How it works: 
Taking a sample for 
an NSure assay is 
fast and easy. 
Collecttissue at 
random from several 
plants or products 
from your batch 
Using a clean knife 
cut a small section 
out of the tissue. 
nsure 
» News 
1 Company 
> Custom Assays 
1 New assays 
1 Vacancies 
1 Contact 
Forest trees 
Cold tolerance and seedling 
quality 
Determine cold tolerance level of 
seedlings. Supports you in 
decisions concerning lifting and 
starage 
Information + order -» 
Maturation, harvest, and 
storage quality 
Monitor the ripening process. 
Determine optimal haivesttime. 
Get support in making harvest and 
storage plannings 
Information + order -» 
1 Route description 
' General conditions 
Ornamentals 
Vaselife and disease resistance • Determine product quality during growth and after harvest. Provides certainty on vaselife and 
susceptibility for fungal infections. 
Vegetables and potatoes 
Shelflife and processing quality 
Determine shelflife, storage 
quality and processing quality of 
vegetables and potatoes 
o dn^lx/cû 
1,3-propanediol 
2,2-dimethyl | Acetic acid 
Butyl ester 
|M 
I 
1 butanol, 
2 methyl acetate 
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5 0  
X 
6 . 0 4  6 . 5 3  6 . 9 9  7 . 2 9  .10 8 . 8 5  
6 . 8 0  
A 
0 •J v 
7 . 8 3  
7 . 5 6  • r 
9 . 1 9  
l 
8 1 9  f t  7 *  8 7 5  M 
Tim e (m in) 
9 . 9 4  
1  0 . 0 9  
9 . 9 6  
8/8/07 
1  0 . 0 9  
11/8/07 
14/8/07 
1 0  
21/8/07 
XI 
A G R Ü T E C H N O L O G Y &  
F  •  •  D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
R T :  1 . 9 3 - 1 2 . 1 7  
2 . 7 6  
25/9 
I Anatoxins Bt. B% GI and G2 Aflatoxin M| Fumonisins B|. and B) Deoxyniva lenol" T-2 toxin* Zearalenone Ochratoxin A Aspergillus fia vus Aspergillus parasiticus Metabolite of aflatoxin B, in mammals Fusarium vert ici lit otdes Fusarium proltferaium Fusarium grammearum Fusarium culmorum Fusarium spototrichtoides Fusarium poae Fusarium gr am ine arum Fusarium culmorum Aspergillus ochraceus 
Pe nie til tum verrucatum 
Aspergillus car bo nar tus 
Pénicillium expansum 
Mai/e, wheat, rice. 
sorphum. ground nuts. 
tree nuts, tips 
Milk, milk 
products 
Maize, mai A ? 
products, sorghum. 
asparagus 
Cereals, cereal 
products 
Cereals, cereal 
products 
Cereals, cereal 
products 
Cereals, dried vine 
fruit, wine, coffee 
Apples, apple juice 
• • • 
* • • 
« « * 
• « 
Sensing film 
Picwctectric substrate 
3j> 
Figure 2 Surface acoustic wave (SAW) sensor configuration (A) with one 
reference film and two sensing films, cross section of SAW sensor wilfi 
sensor film deposited on piezoelectr ic substrate (B). Modified from 
Advanced Sensors for Multifunctional Applications12 
A 
A G  R  D T E  C  H  N  •  L O  G Y  &  
F  •  D  D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
State-of-the-art 
Analyse Method Investm 
ent 
Costs Direct 
available 
Adaptation 
validation 
Pathogens Dipstick 
Comm kit 
non 10-50 € yes maybe 
PCR non 
5000 € 
yes maybe 
Real Time PCR non 
20000 
150 € 
10 € 
some yes 
Physiological 
disorders 
Real Time PCR Ifen 150 € not yet yes 
Metabolites 
Sensor 
Non 
80000 
50 € not yet yes 
JX A G R G T E C H N Q L Ü G Y  &  F  •  •  D  S C I E N C E S  G R O U P  W A G E N I N G E N  
Simulations of disorder and problems 
• e.g. Postulates of Koch 
Future more batch selection tools 
• Non-destructive methods (NIR, TRS, GC-MS) 
• Molecular techniques 
• Know background to judge these 
Develop more tests that can assist 
• Chilling injury test 
• Specific and quantitative pathogens identification 
• Handheld GC, dipsticks, immunoassays, CE e.g. 
• v 
L  - T - , » .  \  -  « »  >  J • - i Y j S -
-S. 
A 
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Hans Blokdijk (Nature's Pride) 
Produce disorders of exotic fruits 
in the real world 
Mature'* Prîç/e 
Presentation at the 
Wageningen University and Research Centre Agrotechnology & Food Sciences 
Group 
19 + 20 March 2009 
Matured PrWe 
Docks 
Space 
Ripening 
Opp. Square : 
18 
2.445 Pallets 
10 rooms / 240 Pallets 
14.500 m2 
Opp. Building : 2 levels x7.500 m2 
History 2001-2009 
2001 Start of our company, Maasland, 2 empl.; € 9 mil turnover 
2002 De Lier; 7 employees; € 13.5 mil turnover 
2003 17 employees; € 23,5 mil turnover 
2004 26 employees; € 29 mil turnover 
2005 Start of Nature's Pack; 48 empl.; € 41 mil turnover 
2006 Company burned down by fire, 70 empl.; € 54 mil turnover 
2007 Maasdijk; Start NP Belgium, 81 empl.; € 74,5 mil turnover 
2008 Start NP Denmark and Mayan Pride, 117 empl.; € 88 mil 
turnover 
2009 120 empl.; no growth expected (crisis!) 
WatoreV Pride 
at Maasla Stütt Nature's B 
Ma+ore'* Pride 
Our new ware-house 
With 10 Ripening-Rooms 
History of Quality Control at NP 
• 2001-2004 1 Quality Controller; start collecting, 
administrating and implementing quality standards for 
our products 
Informing and supporting/coaching of growers 
• 2005-2006 3 QCs; started practical and theoretical 
coaching of Nature's Pride personnel 
• 2007 4 QCs 
• 2008-2009 5 QCs, 8 million colli 100's of small 
shipment per week 
Matured Pride 
^atore1? Pride 
Some Extra Figures : 
• Importing from over 60 countries 
• About 380 customers in 25 
countries 
• 8 million cartons per year 
• Stock of approx. 300.000 cartons 
Development Quality Control at Nature's Pride 
From day one and on 
• First, collect as much information on the products you're handling, in order to get to 'know' 
the products (recognizing) 
• Then diverse the average information, like varieties, origins, storing-temperature, Relative 
Humidity, shelflife, ethylene pro's or not, brixes, diseases, sizes, (caring) 
• Take care of a good working relationships with your growers, this will help you to 'understand' 
the fruit -> development, ripening, breakdown, etc. 
• Do not forget to take care of the standards. Quite some products are without an official 
standard, but company & customer standards are as much as important. 
• Build a team of willing people.... 
Knowledge + Experience = 
Quality Control 
• Knowledge through education, training, 
readings, seminars, etc. 
• Experience through practical testing, 
exchanging of results with growers or other 
experienced QCs, visiting origin country's, etc. 
Ma+c/re'r PrMe 
Matured Prïde 
Controlling Aspects 
• Overall view of shipment 
• Observation 
• Smell, Feel, Taste 
• Temperature 
• Technical aspects, such as size, brix, weight, 
etc. 
• Damages, decay, diseases, vermin/thrips 
/^a+oreV PrWe 
Biggest issues on importing exotic 
fruits and vegetables 
• Conditional state of the produce + Growing 
conditions 
• Other 'environmental' aspects (C02, ethylene, 
etc) 
• Temperature control 
• Damage-free transport 
• Duration of transport 
Ma+ure's Pride 
Import of exotic fruits and vegetables 
• Air-freight -> "Fast", "Expensive" 
• Sea-freight -> "Bulk", "Cheaper" 
• Other -> EU-trucking 
Nature's Pride 
Photo impression 
of 'problematic' 
arrivals at 
b/a+ure's Pride 

Va+ore'ï Pride 
and on Snow Pe 
ondensation in 
aricots vert... 
Air-freight 
Progressed 
decay 
on Cherries... 
...and on 
Peaches 
Va+ore'r PrWe 
Wa+ure's Pride 
Anthracnose on Kent Mangoes from Peru 
Due to no post harvest treatment 
Sea-freight 
3 weeks in a container 
From Peru 
Wa+ore'r Pride 
Air-freight Sea-freight -> 
Arrival problems of Asparagus White from Peru 
Sea-freight -> 

...after 3 
days in the 
ripening-
room 
^/a+oreV PrWe 
Ready to 
Papaya's 
^atore'r Pride 
eat 
Anthracnose development on 
Papaya's 
in 4 days at 18 degrees Celsius 
f/atore's Prîcfe 
Anthracnose on 
Black Stem-end Rot 
on Papaya 
Nature's PrWe 
Va+ure'r PrWe 
^atore'ï Pric/e 
difference in picking-matiiri 
hracnose on Carambola 
Presence of Fungi on Carambol 
Ma+ure'i Pride 
Reminder 
• Everything presented here is purely and solely 
knowledge, which I gathered/learned in my 
years in the A.G.F.-business and particularly in 
the last 7 years with Nature's Pride 
Ma+ure's Prïç/e 
Conclusion 
• Every effort in growing to a higher quality 
level and a better performance totally 
depends on the will of the people to learn, 
talk, listen, share and be open minded to each 
other. 
Thank You For 
Your Attention 
Matured PrMe 
Frank van de Geijn 
Technical aspects of storage & conditioning 
Technical aspects nf storage & conditioning 
Maersk Line 2009 
Frank van de Geijn 
A G R D T E C H N Ü L O G Y  &  
S B  F D D D  S C I E N C E S  G R O U P  
W A B E N I N G E N  • • • : •  
We all spend some time in 
cold (store); What 
techniques are used? Why? 
How? 
Technical background of 
cooling techniques 
Tips and tricks in storage 
operation 
AA G R Q T E C H N Q L D G Y  &  F D D D  S C I E N C E S  G R O U P  W A G E N I N G E  N  !«•:» 
UNDERESTIMATION iroduct temperature 
• Quality loss directly after harvest moment 
• "Just that couple of hours" (at T high) 
• "Hospital function" of cooling period (transport-, 
storage-, distribution-cooling) 
A G R D T E C H N O L O G Y &  
F O O D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
How to handle product • temperature? 
• Moment 
1 
• In general A.S.A.P. after harvest 
• Speed 
• Product quality 
• Respiration 
• Moisture lost 
• Quality lost at higher T 
• Logistic 
• Term < 1 hour, 4-6 hour, 1-2 day, no strict demands 
• Equality of T drop 
• Packaging ? ^ • 
System choice 
M M  A G R Q T E C H N Q L G G Y  &  
,  Ä  :  F  •  O  D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
A G R D T E C H N O L O G Y &  
]  F O O D  S C I E N C E S  G R O U P  
WAGENINGENQEI 
acuum cooling 
• Within 30 minutes at 1°C 
• 1% water loss per 6 °C cooling 
• Less water loss by wet product 
• Principle 
• Realizing vacuum 
• Evaporating temperature (boiling) of water drops 
• Saturation of humidity = cooling stops 
• Condensing surface for moisture withdrawn 
JX A G R O T E C H N Q L Q G Y &  F  •  •  D  S C I E N C E S  G R O U P  W A G E N I N G E N  
Vacuum cooling 
Forced air cooling I 
Hydro  coo l ing  P  J  
• Water medium 
• Wetted air medium 
Regular cooling 
• Direct pump systems 
• Indirect pump systems 
• Direct expansion systems 
JX A G R O T E C H N D L O G Y &  F  •  •  D  S C I E N C E S  G R O U P  W A G E N I N G E N  
A 
A G R O T E C H N O L Q G Y &  
F O O D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
Regular cooling 
• Distribution rooms 
• Temperature control (room) 
""""""" i* 
= ass 
• Storage rooms 
• Temperature control (pull 
down, product) 
• Moisture control ni 'ni : un <
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A G R G T E C H N D L O G Y &  
T  F  •  •  D  S C I E N C E S  G R O U P  
W A G E N I N G E N  M U  
•IC II 
Temperature difference (Delta T) 
needed between air/product 
coolant/refrigerant; more Delta T 
is more capacity 
Heat exchange surface 
(Cooler/Evaporator); more 
surface is more capacity 
Coolant/refrigerant 
• Evaporating refrigerant (CFK, HCFK, 
HFK, Propaan, NH3, C02 e.o) 
Coolant (water, glycol, e.g.) 
AA G R G T E C H N Q L D G Y  SC F O O D  S C I E N C E S  G R O U P  W A G E N I N G E N  Mir» 
Cooling Technic: 
During phase change (f.e. 
liquid -> gas) temperature is 
equal (at same pressure) 
Heat uptake during phase 
change is very effective 
High pressure gives phase 
change at high temperature; 
low pressure at low 
temperature 
//L 
Heat input 
JX A G R O T E C H N O L O G Y  &  F  •  D  D  S C I E N C E S  G R O U P  W A G E N I N G E N  
AA G R G T E C H N O L D G Y  &  F D D D  S C I E N C E S  G R O U P  W A G E N I N G E N  
I • * 1 1 1 
• Uptake of heat by coolant/refrigerant 
• Surface (m2) 
• Delta T 
• Coil distance 
• Fans 
• Size 
• Usage air side 
• Usage refrigerant side 
A G R O T E C H N Q L D G Y &  
F O O D  S C I E N C E S  G R O U P  
WAGENINGENQO 
Further information on request 
Consultancy AFSG 
Facility design; technical 
specification 
• Second opinion 
Operation consultancy 
AA G R O T E C H N O L Q G Y  &  F  •  D  D  S C I E N C E S  G R O U P  W A G E N I N G E N  UTr» 
• Temperature 
setting/difference 
• Set point 
• Place and function of sensors 
• Number and time of cooling 
actions 
• Product temperatures and 
room temperature 
• Air circulation 
• Capacity (m3/h/m3 room) 
• Settings 
Defrost 
• System 
• Control 
AA G R D T E C H N O L D G Y  &  F O O D  S C I E N C E S  G R O U P  W A G E N I N G E N  • • • : •  
Normal cooling or forced air cooling 
Minimal space j 
Bypass air circulation 
Floor lining 
Attention for air blocks 
m 
Goal: Equal temperature and humidity conditions (in 
time and place) 
AA G R D T E C H N O L D G Y  &  F O D D  S C I E N C E S  G R O U P  W A G E N I N G E N  Q Q  
m Optimal cooling equipment 
• Evaporation temperature (Delta T) 
• Cooling time/24h (capacity) 
• Stability of cooling 
• Protective packaging 
Humidification 
• Balancing (too much <-> too less) 
A G R O T E C H N G L O G Y &  
F O O D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
System (airpressure, high 
waterpressure, 
ultrasone, steam) 
Control on time (feeling) or 
RH measurement 
RH measurements below 1 
degree ?? 
Attention for moisture 
distribution within the room 
Attention for packaging 
A G R O T E C H N G L O G Y &  
F O O D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
Cooling = moisture uptake 
from room air = increase of 
vapor pressure deficit = 
moisture loss product 
• Decrease of cooling time 
Less heat sources 
Optimal distribution of air 
Stable cooling behavior 
Quick reaction of increased 
pressure deficit by 
AA G R O T E C H N Ü L G G Y  &  F  •  •  D  S C I E N C E S  G R O U P  W A G E N I N G E N  
Reduction of air circulation 
with respect for: 
Temperature control 
• Product specs 
50 % circulation in time = 
30 % less cooling time (= 
moisture lost) & energy 
AA G R O T E C H N D L O G Y  &  F G D D  S C I E N C E S  G R O U P  W A G E N I N G E N  • • • : •  
• Refrigerants & Ozon 
• Refrigerants & Energy 
• Refrigerants & Sourse (synthetic or natural) 
Our Wish : 
Energy Efficient Natural Refrigerants (payable) 
A G R O T E C H N O L Q G Y  « S c  
.  J  F O O D  S C I E N C E S  G R O U P  
W A G E N I N G E N  • • • : •  
Refrigerants 
• Small facilities (< 1.000 m3) Propane 
• Larger facilities (10. 000 m3) Ammonia (direct or 
indirect) 
• In between: Problem 
• Payable = dx synthetic 404a, 507 
• Ammonia = pump system 
• Indirecte systems 
A A G  R  O T E  C  H  N  Q  L O  G  Y  S c  F O O D  S C I E N C E S  G R O U P  WAGENINGEN UlrM 
In the development of techniques we forget to 
"Communicate" with the product 
AA G R O T E C H N D L O G Y  &  F  •  •  D  S C I E N C E S  G R O U P  W A G E N I N G E N  » » • : •  
Asger Juncher Metais (MCI) 
Introduction of a new Reefer CA system 
• M/ER5K CONTAINER INOU5TRI 
Star Care - Controlled Atmosphere 
vt; 
SlAR*£CCt 
• Project introduction WZ 
Development: Maersk Container Industry / Maersk Line 
Production: Qingdao - China 
Production start: March 2009 
In service 2009: 3000 units 
Trial period: 2 years 
Production maturing: 1 year 
1M»3 0 
S3 MAERSK HI Project .ntroduction 
System 
principal 
System 
:apabilitie: 
System 
description 
Proven 
results 
STAR t^CCL 
• System principle jv*; 
The Star Care system is a patented system that depends on respiration to reach it's set points. 
The system is designed mainly for transportation of bananas 
Regulation matrix: 
Regulation / Gas Oxygen Carbon Dioxide 
Low Fresh air Respiration 
High Respiration Membrane 
System principal 
Project 
introduction 
System 
principal 
System 
:apabilities 
System 
description 
Proven 
results 
StyRMCOCl, 
Time 
Oxygen 
Carbon dioxide 
Concentration 
• System capabilities 
Pull down time is dependent on the respiration of the cargo. 
Our experience from Ecuador and Costa Rica: 
Oxygen 3% Carbon dioxide 5% 
Pull down time* 60 - 90hrs 5-10 hrs 
Design set points: 
Carbon dioxide = 5% 
Oxygen = 3% 
Carbon dioxide removal capacity at 5% = 130L/hr 
System total accuracy is +/- 1% absolute on both Oxygen and Carbon dioxide 
* At start respiration 7,5 ml C02 /kg • hr 
Project 
introduction 
X 
System 
principal 
T 
System 
capabilities 
I z 
System 
description 
I -
Proven 
results 
SJZRMtCCL 
* System capabilities fv»; 
MCAU9000053 
C! 
je 
1 
s. 
Iß at 
—t 1 1 1 1 r-
6 7 
Days 
, ! 
10 11 12 
* System capabilities fvt; 
Application: 
The system will also be able to run as a AV+ 
In these systems we do not utilize the membrane and vacuum pump. 
The oxygen and carbon dioxide is controlled only by the fresh air valve. 
* System capabilities 
Emergency procedures: 
Possible emergency Mitigation 
Oxygen sensor Run fresh air valve 4% 
Carbon dioxide sensor Run pump 40% 
Low oxygen Run pump 100% 
High Carbon dioxide Run Fresh air valve 100% 
STAR t^CCt, 
System capabilities 
Impact on humidity: 
The membrane also concentrates water. 
Approx 1000g prday. 
This while the membrane is placed on top of the 
evaporator, the removal of water vapour with the 
membrane will reduce the amount of water vapour 
condensing on the evaporator coil and thereby most likely 
not affect the humidity in the container. 
* System description 
The system utilizes a fresh air ventilation system and a 
membrane system to regulate the internal gases. 
Key features: 
-Simple membrane design 
-Fresh air valve 
-Integrated controls 
-All parts can be reached from outside or service hatch 
-NDIR and zirconium senor technology, used in the 
automotive industry 
-Graph view of oxygen and carbon dioxide 
System description 
Project 
introduction 
IE 
System 
principal 
X 
System 
capabilities y I 
System 
description 
i 
Proven 
results 
Pos. 1: Vacuum pump 
Pos. 2: Fresh air module 
Pos. 3: Vacuum pump hose 
Pos. 4: Sensor location (02 and 
C02) 
Pos. 5: CA membrane module 
* System description 
« 
Project 
introduction 
System 
principal 
System 
capabilities 
System 
descriptie 
Proven 
results 
* System description 
Pro: 
Simple system, low complexity 
No gasses are added 
Low energy consumption (+200W) 
Same platform as a normal Star Cool 
Easy maintenance 
Can run normal chill + frozen 
ivt; 
Con: 
The system need high respiration cargo to be able to work 
Sensitive to air leaks Project 
introduction 
T 
System 
principal 
X 
System 
capabilities 
T 
System 
description 
Proven 
results 
* Proven results VN 
More than 30 live trials have been carried out to prove the performance of the system. 
Mainly from Ecuador and Costa Rica. 
All shipments have been surveyed. 
Routes: 
Guayaquil - Ârhus, Gdansk, Yokohama, Algeria, Felixstow, Switzerland 
Limon - Ârhus, Argentina, St. Petersborg 
STtfRMtCOls 
* Proven results 
Surveyor reports states that Star Care have a equivalent quality to 
banna-vac without the downsides. 
- 55 days transit 
- No need for special packaging 
- Extend transit time 100% compares to standard refer 
"We believe that Star Care has a unique feature that creates value 
for the customer" 
Proven results 
Comments from Euro Surveyor, Poland after trial to Gdynia: 
33 days of transit: 
4.5.1 General appearance 
In all examined cartons bananas were found whole and sound, clean 
and undamaged, free of foreign 
odours and of abnormal moisture. 
Surveyor: Expert Maritime, Algeria 
34 days of transit: 
The banana modes which we observed where in perfect state and 
condition. The temperature remained stable no variation was raised 
it ranges between 13.2 13.3 13.4. 
star* coot-
Anton van Rooij (Carrier Transicold) 
Controlled Atmosphere in Reefer Containers 
Controlled 
Atmosphere System 
EifèrFresh 
Definitions 
• Controlled Atmosphere (CA): 
- The continuous control of the chemical 
composition of the atmosphere surrounding a 
commodity by the continual addition or 
removal of gases. (N2, 02 or C02) 
In contrast: 
Modified Atmosphere (MA): 
- The one time surrounding of a commodity with 
a mixture of calibrated gases prior to shipment. 
(N2) 
Controlled 
Atmosphere 
Air leakage 2"- 1" > lmin 
and 45 seconds 
Gradually purge with high 
purity nitrogen 
Constantly monitors gas 
levels and adjust when 
needed 
Constantly compensates for 
- Respiration 
- Container leakage 
The Differences Modified 
Atmosphere 
• Maximum air leakage 3"- 2" 
> 8 minutes 
• Charge container with 
desired gas levels 
• Hope that the gas remains in 
the container for the duration 
of the trip 
• Any changes due to 
container leakage or 
respiration are left 
unattended 
• Example: "Transfresh " and 
"MaXtend" 
• Reduces chilling injuries 
• Higher natural sugar (glucose) content 
Effects on Produce 
(1) 
• Reduces Respiration: 
C6HP06 + 602 -> 6CO-, + 6H?0 + Heat 
Heat Load 
Effects on Produce 
(2) 
• Slow-down of ripening and/or Aging 
- Ethylene production slow-down by decreasing 
02 and increasing C02 
- Associated softening and compositional changes 
• Provides Insect Control and reducing growth of 
Gray Mold 
• Nitrogen 
• Oxygen 
• C02 
Gas 
Composition 
Ambient Air Optimum Cargo 
Composition Composition 
Controlled 
Atmosphere 
Benefits 
• Better product quality at final destination 
• Less spoilage during transport 
• Broader range of cargo can be shipped 
• Permits extended post harvest shipping and storage 
times 
• Permits longer tree ripening 
Carrier Transicold's 
Everfresh System 
Air Intake and JBreatlaer 
CA 
Controller 
4S32B& 
r H'A N~S ICOI D 
ft]#! / iV E 
What it does 
S jr— m merFresh 
• Maintain temperature at set point 
• Control container 02 levels: 
- Maintain, raise, or lower 
• Control container C02 levels 
- Maintain or lower 
- Raise by cargo respiration, or optionally with 
addition of CO-, tanks 
• Ethylene scrubbers are optionally available from 
CTD (PN 30-50304-00) 
• Humidity control (maintain, raise, or lower) is 
available as option (NatureFresh) 
The Advantages of 
EverFresh 
• No need to wait for technicians to prepare and 
charge the container 
• No third party additional costs 
• No need for special technicians 
• Box leakage less important 
• Voyage duration is not important 
• Data is accessible at all times from the DataCorder 
• Alarms clearly visible on the controller 
Typical Pull-down 
è 20 
Ü 16 
CO 
02 / C02 Pull-down to set-point = 5% 
Indian Mangoes 
CA 02 CAC02 
0 6 12 18 24 30 36 42 48 
Time (hrs) 
Commodities 
benefiting from CA 
(Partial List) 
Fruits Vegetables 
Apples 
Avocado 
Banana 
Berries 
Cherries 
Kiwi 
Lychee 
Mangoes 
Olive 
Pears 
Plum 
Pomegranate 
Strawberries 
Broccoli 
Cabbage 
Cauliflower 
Celery 
Chinese Cabbage 
Lettuce 
Pepper (Paprika) 
Tomato 
Safety 
• 21% 02 
• 15-19% 02 
• 12-14% 02 
• 10-12% 02 
• 8-10% 02 
• 6-8% 02 
• <4% 02 
- Normal 
- Co-ordination impaired 
- Perception and judgement impaired 
- Performance failure, poor judgement 
- onset of cyanosis 
- Mental failure, unconsciousness 
- 100% fatal after 8 minutes exposure 
- Coma in 40secs, convulsions, death 
How it Works 
E'ierFfùBh 
CO, Bottle 
Cal Gas 
C02 Bottle 
Condensing Line 
Air Intake 
I- 11 tûf 
Pressure (Breather) 
Relief Valve 
Pressure Relief 
, PressUaà\ftegulator 
Nitrogen 
Membrane 
Separator 
15(¥ifSt 
1 15 PSI 
Drain 
Air Heater 
High Air 
Membrane Air 
Filter Assembly^ 
^4 "1 emperature 
Switch 
DiMfig'teÇfial operation 
VaÄtes^päi every 30 minutes 
DS1 l-olenoldT anlPBR^iSWthe outside of the 
Valves * container 
TJ 
Membrane 
T emperature 
Sensor 
Sample Gas • 
The Heart of the 
System 
"Slow" 
Gases 
Outside Air is split to leave pure nitrogen by "Selective 
Permeation" 
Diffusion through membrane wall where "fast" gases 
permeate first 
o,, CO, 
The penny gives a 
comparison of the 
thousands of tiny hollow 
fibers that make up the 
membrane bundle. 
Where Mçtekllaiiète óf dwignatlifte acquired. 
ttaäUlanwidmüHmiK ojwntJd tbssBaigertore 
ttutrfteKlïIvöllBliaihBtaiDaitaanHimmishï 
(Sinjtetftnaty) 
(Double Purity) 
C02 Bottle 
CO, Sensor 
Optional 
NâiureFœsh 
• CO-, injection system 
- External gas bottles 
- Controls between 0% and 15% C02 
- 1/4" flare connection with flow indicator 
• Humidity Control 
- 76% - 95% Humidification 
- 65% - 75% De-humidification 
Patents 
IIII Mirai HUM I 
EP c ta» soa äi 
tU*0#CAh WCCtfKATK* 
• The EverFresh system is 
covered by one or more of 
the following patents: 
US 5,438,841 
- US 5,507,539 
US 5,457,963 
- US 5,515,693 
US 5,515,769 
EP 0 688 508 B1 
EP 0 686 744 B1 
Successful Applications 
E\7èrFresh 
New Zealand Europe 
Cox Orange Pippin 
Apples 
Sensitive to C02; requires < 2% 
Low 02 requirement: 2% 
C02 production relatively small 
Challenge to reduce C02, while maintaining 02 
Manage N0 flow rate 
Apple, Cox 
APPLE, COX 
Optimum Transport Conditions 
Storage Life 
Increased 
20%! 
: at bon 
Optimum Relative Humidity: 90-S 
Benefits of CA: Low O2 may help prevent core flush, bitter pit and internal breakdown. Helps retain firmness, acidity, skin color and 
Benefits of Ethylene Removal: May help maintain firmness, 
Special Treatments Before Shipping: Fruit should have calcium values greater than 5mg/100g fresh weight for good long-term 
storage. 
Mixed Loads: Apples generate ethylene and so should not be shipped with ethylene-sensitive commodities such as kiwifruit, 
persimmon, carrots, celery, cabbage, lettuce, and some flowers and nursery plants. Apples may absorb aromas from onions, garlic, 
and potatoes. 
Cautions: Cox's apples are chilling sensitive and should not be stored at less than 3°C. They are very sensitive to CO2 injury and 
should not be exposed to greater than 1% CO2. Low O2 is beneficial down to 1%, but if O2 gets too low, the fruit develop an alcoholic 
taste. Cox's apples are susceptible to bitter pit, core browning, and core flush, High CO2 can exacerbate the last two. 
Apple, Gala 
m •• 
% % Temp. 
Oxygen Carbon «C 
Dioxide 
Months 
in CA 
Storage Life 
Increased 
75%! 
Optimum Relative Humidity: 90-95% 
Benefits of CA: Aids in retention of firmness. 
Benefits of Ethylene Removal: May help maintain firmness. 
Special Treatments Before Shipping: Rapid establishment of CA conditions is recommended. 
Mixed Loads: Apples generate ethylene and so should not be shipped with ethylene-sensitive commodities such as kiwifruit, 
persimmon, carrots, celery, cabbage, lettuce, and some flowers and nursery plants. Apples may absorb aromas from onions, garlic, 
and potatoes. 
Cautions: At O2 levels less than 1.5% ribbon scald may develop. Gala apples from some geographic areas experience less 
breakdown with high CO2 (3-5%), but apples from other areas develop CO2 injury at concentrations greater than 2%. 
Optimum Transport Conditions 
20 
South Africa Europe 
Avocados 
• Respiration 20 -30 mg/kg-hr (high) 
• Recommended set points 
- 02 = 2 - 5 % 
- C02 = 3 - 10% 
• Challenge: 02 control purges C02 
• 02 always highest priority control 
AVOCADO 
% 
Oxygen 
% 
Carbon 
Dioxide 
Optimum Relative Humidity: 85-90% 
Benefits of CA: Low O2 can delay ripening and reduce respiration, Elevated CO2 delays softening and can reduce the symptoms of 
chilling injury. 
Benefits of Ethylene Removal: Avocados are sensitive to ethylene and produce ethylene. Exposure to ambient ethylene can 
accelerate their softening. While elevated CO2 will reduce their sensitivity, high levels of ethylene will still cause softening, Ethylene 
removal is recommended if avocados are shipped with ethylene producing commodities or if ambient ethylene concentrations exceed 
1ppm. 
Special Treatments Before Shipping: Precool fruit immediately after harvesting to avoid ripening and softening, Exposure to 25-30% 
CO2 for 2-3 days can delay decay incidence during subsequent storage in air or CA. 
Avocados 
Optimum Transport Conditions 
Storage Life 
Increased 
100%! 
South-America Asia 
Stone Fruit 
• Respiration 2 - 6 mg/kg-hr (low) 
• Recommended set points 
- 02 = 2 - 5 % 
- C02 = 3 - 5 % 
• Challenge: 02 control purges C02 
Nectarines 
NECTARINE 
Carbon 
% 
Oxygen 
Optimum Relative Humidity: 90-95% 
Benefits of CA: Low O2 delays ripening and retains firmness. Elevated CO2 may reduce internal breakdown in some cultivars. Some 
varieties of nectarines can be shipped in 6% O2 + 17% CO2 if they are Kept near 0°C. 
Benefits of Ethylene Removal: Nectarines produce substantial amounts of ethylene and are sensitive to ethylene. Ethylene removal can 
retard ripening and maintain firmness. 
Special Treatments Before Shipping: Rapid cooling after harvest to near 0°C is important to slow respiratory activity and retard ripening 
and decay. Waxing fruit prevents excessive wei g ht loss during transportation and marketing. Hot water dips can help control brown rot and 
Rhizopas decay. 2.5 minutes in52°C water is effective but skin injury can develop. Sanitation is imperative to reduce development and 
spread of decay-causing fungi. 
Storage Life 
Increased 
125%! 
Optimum Transport Conditions 
Peaches 
Optimum Relative Humidity: 90-95% 
Benefits of CA: L0WO2 delays ripening and softening. Elevated CO2 helps reduce internal breakdown in some cultivars. Some varieties of 
peaches can be shipped in 6% O2 + 17% CO2 if they are kept near 0°C. 
Benefits of Ethylene Removal: Freestone peaches produce substantial amounts of ethylene and are sensitive to ethylene. Ethylene 
removal can retard ripening and maintain firmness. 
Special Treatments Before Shipping: Rapid cooling after harvest to temperatures less than 2°C is important to slow respiratory activity 
and retard ripening and decay. Hot water dips can help control brown rot and Rhizopus decay. 2.5 minutes in 52°C water is effective butskin 
injury can develop. Sanitation is imperative to reduce development and spread of decay-causing fungi. 
Storage Life 
Increased 
100%! 
Optimum Transport Conditions 
15 
10 
5 
Hawaii West Coast USA 
Papaya 
Papaya 
• Respiration @ 12°C: 14-18 mg/kg-hr (high) 
• Recommended set points 
- 02 = 3 - 5 % 
- C02 = 5 - 8 % 
PAPAYA 
"S. 
CMygen Carta*» 
Vient* 
Optimw Relative Huwdity: 05-90% 
Benefits of CA: I w O2 can de ay ripening, aepreeninq ana aliening. Regaled COj maintains 5rmre 
Bonetit* of EthyteM Ro«ovai: Papayas are cümactonc fruits ano ara saralr*^ to ottylçn«. 
Special Treatments Betör* Shipping.! eat treatments, either vapor hear ûr hotwater treatment, ray be jsedto reduce ar tbr ac rase or'ar 
quarantlre insec: corsrci taxing may be used to prevent mcsture loss andlo modify internal 3; aiic CC; concentrations 
Mncd Loadi: De net ship win eigene araducinça ar ittytnt SCHMINC cammaditie*. 
Caution*; O2lass-flan can causa c^rtavorsandrailuroio ripen.CC»*greal«'than iü% cancan oft-" at-orsard^ay aggravate cmllinç 
injury. 
Papayas 
Storage Life 
Increased 
33%! 
Optimum Tran^jort C nnürtians 
South America-^ Europe 
Blueberries 
Blueberry 
• Respiration @ 5°C: 10-20 mg/kg-hr (moderate) 
• Recommended set points 
- 02 = 2 - 5 % 
-  C 0 2 =  1 2  - 2 0 %  
• Challenge: Keep C02 levels high, while reducing 
02 • adding C02 through external tank 
Blueberry 
BLUEBERRY 
Oxygen 
% 
Carbon 
Dioxide 
Optimum Relative Humidity: 90-95% 
Benefits of CA: L0WO2 reduces the respiration rate. Elevated CO2 suppresses development of decay. 
Benefits of Ethylene Removal: Blueberries are not sensitive to ethylene, nor do they produce appreciable amounts of ethylene. 
Ethylene removal confers no benefit. 
Special Treatments Before Shipping: Rapid cooling to near 0°C before CA is established is important. Blueberry trays are sometimes 
shipped with plastic pallet covers to maintain a modified atmosphere. This also prevents moisture loss. Handling of blueberries should 
be minimized to prevent damage to the bloom (wax). 
Storage Life 
Increased 
50%! 
Optimum Transport Conditions 
20 
Want 
JUST-PICKED 
freshness! 
Here's 
THE SYSTEM 
to PICK. 
by 
Henry Boerrigter 
The use of ethylene scrubbers in avocado 
CA transport 
The use of ethvlene scrubbers 
A 
A G R O T E C H N O L O G Y  Sc 
F  O  •  D  S C I E N C E S  G R O U P  
W A G  E N I N G E N  
Ethylene 
• General 
• Avocado specific 
Labtest results 
• Filter performance 
• Product test 
Real world tests 
Conclusion 
JX A G R O T E C H N O L O G Y  &  F O O D  S C I E N C E S  G R O U P  W A G E N I N G E N  
0001 10 20 30 40 50 
time (h) 
Temperature (°C) 
Severe damage level (ppm) 9.2 3.9 1.7 0.4 
response (•/•) 
100 
ethylene concentration 
0 . 6 r  C u l / l )  
50% response 
O.I 1.0 2.0 
ethylene concentration ( ul/l ) 
(log scale) 
AA G R O T E C H N G L O G Y  &  F D D D  S C I E N C E S  G R O U P  W A G E N I N G E N  
• From unripe to ripe at ambient temperatures 
• 8-12 days 
A G R O T E C H N O L G G Y &  
F D D D  S C I E N C E S  G R O U P  
W A G E N I N G E N  • • • : •  
A G R O T E C H N Q L D G Y &  
F D D D  S C I E N C E S  G R O U P  
WAGENINGENQQ 
• Elstar apple 
CA storage much better than NA storage 
Optimal CA: 2% 02 - 7% C02 
• Retarding softening, internal discoloration, CI, Anthracnose 
Added ethylene (long term storage) 
• More stem rot, discolorations, 
• Earlier softening at shelf life conditions 
Conclusion: avoid ethylene (threshold value lppm) 
A 
A G R G T E C H N Q L G G Y &  
F O O D  S C I E N C E S  G R O U P  
W A G  E N I N G E N  
Treatment Firmness (kgf) — 
02 C02 c2h4 Early Middle Late 
(%) (%) (ppm) 
Air 9.2d* 41. 4 c 26.0 cd 
2 1.5 — 85. 4 a 79.4 a 
2 2.5 83.4 a 81.8 ab 77.4 a 
2 5.0 85.6 a 83.2 ab 78.1 a 
2 7.5 ???????? •  • • • • • • a  83.4 a 85. 2 a 76.8 a 
2 10.0 81.2 a 83.6 ab 77.9 a 
2 2.5 1.0 — 77.0 b 
-
2 2.5 10.0 — 4 1 . 4 c  
-
1 2.5 — 85.1 a 74.4 a 
4 2.5 — 83.6 ab — 
Faubion (1992): 'Hass' avocado: 9 wks at 5°C 
Reeder (1970): flow through experiment: better results 
A 
A G R D T E C H N O L D G Y &  
F O O D  S C I E N C E S  G R O U P  
W A G  E N I N G E N  
• Fresh air exchange: not relevant in CA 
• Catalytic (Pt)oxidation: 200°C -> energy! 
• UV irradiation (like Airocide) 
• Ozone -> toxic, damaging 
• Chemical oxidation 
• Using spraying/washing towers 
• Alumina porous pellets impregnated with KMn04 
A 
A G R D T E C H N O L D G Y  Sc 
F O O D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
• Alumina or zeolites or clay impregnated with KMn04 
• Sachets in flower boxes: no effect on ethylene conc. 
20 kg 
40 kg 
Effect of RH on ethylene scrubber 
AA G R O T E C H N D L O G Y  &  F  •  •  D  S C I E N C E S  G R O U P  W A G E N I N G E N  • • • : •  
SAMPLER 3 
Avocado 
Ethylene 
• General 
• Avocado specific 
Labtest results 
• Filter performance 
• Product test 
Real world tests 
Conclusion 
AA G R D T E C H N O L Ü G Y  &  F O O D  S C I E N C E S  G R O U P  W A G E N I N G E N  HlrM 
AA G  R  O T E  C  H  N  Q  L D  G Y  &  F O O D  S C I E N C E S  G R O U P  W A G E N I N G E N  
AA G R D T E C H N D L D G Y  SC F  •  •  D  S C I E N C E S  G R O U P  W A G E N I N G E N  | > | J |  
• Fresh filter performance relative to system 3 dry 
Storage System 1 System 2 System 3 
Dry 71% 25% 100% 
High RH 0.7% 0.4% 9.5% 
- Scrubbing rate depends on: system and RH 
- Filter system 3: selected for product experiment 
AA G R G T E C H N D L Q G Y  &  F  •  •  D  S C I E N C E S  G R O U P  W A G E N I N G E N  • • • : •  
• Filter efficiency versus air flow forced through the filter 
A 
A G R G T E C H N Q L O G Y &  
F O O D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
28 days transport simulation and 5.5°C 
CA: 4% 02 + 6% C02 
Volume - Kg's - filter ratio: scaled to 40 ft high cube 
container 
mature avo's filter ethylene skin colour [0 - 6] firmness [0 - 6] 
[%] [*14.3 g] [PPm] day 0 day 5 day 0 day 5 
0 0 2.3 0.1 5.2 0.2 2.1 
0 1 0.3 0.0 4.4 0.1 2.4 
0 4 0.2 0.0 4.5 0.1 2.4 
18 1 2.7 0.8 5.1 0.4 2.4 
55 1 8.9 0.3 5.5 0.3 2.2 
A 
A G R G T E C H N Q L O G Y &  
F O O D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
- filter = 2.3 ppm ethylene, no ripe fruits present 
+ filter = 0.2 ppm ethylene, no ripe fruits present 
• + ripe fruits + filter = ethylene >1 ppm 
• Filter not effective in mix loads: adsorption capacity too low 
• Ethylene < 1 ppm versus Ethylene >1 ppm 
• No difference after transport: firmness, flesh color 
• Skin color!: only visible after 5 days shelf life 
• Market opinion: we don't know 
Need to know the real world situation before a final 
recommendation can be given 
AA G R D T E C H N O L D G Y  &  F O O D  _ S C  I  E  N  C E  S  G R O U P  W A G E N I N G E N  • • • : •  
t 
J — 
Minimum detection limit GC = 0.025 ppm 
Table 1: Container with equipped ethylene filters 
Sampler 
nr. 
1 2 3 4 5 6 7 8 
Ethylene 
(ppm) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.023 0.028 
Table 2: Container without filters 
Sampler 
nr. 
9 10 11 12 13 14 15 16 
Ethylene 
(ppm) 0.03 <0.02 <0.02 0.024 0.030 <0.02 <0.02 0.027 
A 
A G R Q T E C H N D L Q G Y &  
F O O D  S C I E N C E S  G R O U P  
W A Q E N I N G E  N  
Quality aspects No filter With filter P<0.05 
Skin color day 1 0 0 
Skin color day 4 1.8 1.9 
Skin color day 7 4.4 4.8 
Firmness day 1 0.2 0.0 
Firmness day 4 0.6 1.2 Sign. 
Firmness day 7 2.2 2.6 
Skin color: 0-6 (0= green, 3 = 40-60% colored, 5 = 80-100% colored, 6= black colored) 
Firmness: 0-5 (0 = firm, 2 = retail stage, 3 = ready to use, 5 = very soft/overripe) 
Ripening behavior: standard 
A 
A G R Q T E C H N D L O G Y &  
F O O D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
Arrival in good order: product and conditions 
Avocado 
Peru Frot Tropical 
A 
A G R Q T E C H N O L Q G Y &  
F D G D  S C I E N C E S  G R O U P  
W A G  E N I N G E N  
Temperature 
0 1  2 3 4 5 6 7 8 9  1 0 1 1 1 2  1 3 1 4 1 5 1 6 1 7 1 8  1 9 2 0  2 1 2 2 2 3  2 4  2 5  
Time in container 
A G R O T E C H N O L G G Y &  
F •  •  D  S C I E N C E S  G R O U P  
W A G E N I N G E N  Mir» 
Shipment 2: no ethylene detected (LDL: 0.03ppm) 
Ethylene concentrations (ppm-vvol.) in 2 CA containers loaded with "Fuerte" avocados 
With 2 C2H4 filters No C2H4-filter 
nr c2h4 nr C2H4 
1 0 9 0 
2 0 10 0 
3 0 11 0 
4 0 12 0 
5 0 13 0 
6 0 14 0 
7 0 15 0 
8 0 16 0 
a 0 c 0 
b 0 d 0 
A 
A G R D T E C H N O L D G Y &  
F  •  •  D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
Day on shelf 
Fruit Firmness in shelf life conditions: 18°C/75% RH 
(0 = very firm - 5 = soft, 3 = edible stage) 
- filter + filter 
0 0.07 0.2 
0.8 0.96 
1.7 1.8 
11 2.6 2.9 
average 1.27 1.47 
A A G R O T E C H N O L D G Y &  F O O D  S C I E N C E S  G R O U P  W A B E N I N G E N  • • • : •  
LSD value average = 0.2 (P-level: 95%) 
Conclusion 
• System 3: much better performance than 1 and 2 
• High RH decreases filter efficiency dramatically 
• Scaled filter: cannot adsorb C2H4 from 20% ripe mix 
• Minor ethylene effect (skin color) in lab test 
• 2 test shipments early season: 
only unripe avocado 
• no ethylene production 
• no filter effect 
AA G R O T E C H N O L D G Y &  F O O D  S C I E N C E S  G R O U P  W A G E N I N G E N  • • • : •  
Summari7ing 
• Adsorption of ethylene in avocado CA shipments using 
permanganate based filters 
• No added value in standard (unripe) cargo with good quality 
• Mixed load of ripe and unripe: 
• Filters not able to maintain low ethylene concentrations 
• Filters in Reefers: bad performance due to high RH 
• No filters: reduction of costs and chemical waste 
• Filters and logistic costs 
AA G R Q T E C H N D L O G Y  &  F  •  •  D  S C I E N C E S  G R O U P  WAGENINGEN HT» 
© Wageningen UR 
A B R O T E C H N O L Ü G Y &  
F  •  •  D  S C I E N C E S  G R O U P  
P  W A G E N I N G E N  
Harmannus Harkema 
Marine freight of cut flowers and plants 
A G R O T E C H N O L D G Y &  
F  •  •  D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
AA G R O T E C H N G L Q G Y  SC F  •  •  D  S C I E N C E S  G R O U P  W A G E N I N G E N  • • • : •  
Market trends in cut flower supply chains 
• Volumes increase: especially "commodities" 
• Low labor cost countries: longer distance to 
consumer 
• Rose, carnation, gypsophyla, hypericum, alstroemeria, 
chrysanthemum 
• Imports 2007: EU (NL incl.) 200.000 ton 
• Share Nl.-auctions ca 60%: decrease 
• Direct delivery (Russia, retail (UK)) 40%: increase 
• 2008: NL auctions: import roses >NL roses 
• Africa en South-America major producers for EU 
• Kenya, Israel, Ecuador, Zimbabwe, Ethiopia, Colombia, 
Uganda (90%) 
A G R D T E C H N Q L Q G Y  « S c  
F O O D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
Why marine freight? 
• Optimal climate conditions 
• no heat or frost in airports 
• No reheating during transport 
• Lower tariffs compared to air 
transport 
• Lower C02 emission 
Cargo temperature 
4.5 days 
1424 
AA G R O T E C H N Q L Q G Y  &  F O O D  S C I E N C E S  G R O U P  W A G E N I N G E N  
Consequences marine freight 
• Marine transport takes longer than air transport 
• Marine transport needs more preparation and different packaging 
• Large volumes by sea transport need to be sold within short time 
JX 
A G R D T E C H N Q L D G Y &  
F  •  •  D  S C I E N C E S  G R O U P  
W A G E N I N G E N  
Research projects cut flowers 
• Two research projects, focus USA, 
2003 - 2007, including two trial 
shipments 
• Starflower (2005 - 2008) 
MRMM m ' " > f I : V 
Wain rij|SQic. .! g J 
• CoCoS (containerization and 
conditioning in (multimodal) chains of 
ornamental products, 2008 - 2010) 
AA G R G T E C H N O L Q G Y  &  F  •  •  D  S C I E N C E S  G R O U P  W A G E N I N G E N  
• Starflower partners 
* MAER5K LINE 
sn 
WORLD 
A 
M 
inter green.CHRYSAL 
MAGRABI 
, ROSAMCNT S G A I C U L T U R  
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H arine freight of cut flower: s a nd plants 
• Quality of cut flowers can be 
1 
influenced by: • During transport 
• Time 
• Before transport • Temperature 
• RH 
• Dry/water 
• Origin 
• Cultivar 
• Harvest stage 
• Growing medium (water/soil) 
• Horizontally/vertically 
• Additives 
• Stowage 
• CA 
• Stem- and bunch weight, leaf removal 
• Postharvest treatments 
- Disinfection 
After transport - Dry, water, additives • 
- Pre-cooling • Temperature 
• Packaging • Time 
- Thermodynamics • Rehydration 
- Sleeves • Reçut yes/no 
- Carton • Additives 
- MA 
• Packing • Vase life 
- Strapping • Reçut yes/no 
- filling • Water/vase solution 
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General factors for sucessful shipments 
• Choose origin and varieties carefully 
• Harvest in the right stage 
• Proper pretreatment solution (if necessary) 
• Pre-cool as soon as possible to the setpoint 
• Transport at the right temperature 
• Most species can be transported dry 
• Right Treatment after Transport (TAT) 
• Rehydration (reçut at least 4 cm) 
• Improve # of open flowers (Gypsophila) 
• Display time at retailer short and cool 
• Use proper vase solution (if necessary) 
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• Tulip 
• Daffodil 
• Lily 
• Hippeastrum 
• Hyacinth 
• Freesia 
• Hypericum 
• Carnation 
• Chrysanthemum 
• Gypsophila 
• Alstroemeria 
• Rose 
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Ile de France Barcelona 
No transport 
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Tulip 
75 experiments (batches) 
Flowers from marine 
transport better than 
flowers from air 
transport ? 
What kind of air 
transport? 
Valentine? 
Mothers Day? 
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Trial shipment Valentine 2005 
(tulips) 
American professionals: 
• "You did a good job with the tulips1 
(wholesaler in Philadelphia, PA) 
• "Excellent quality" (wholesaler in 
New York, NY) 
"If we get more of such quality, we 
will sell a lot more" (florist in 
Philadelphia, PA) 
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• Trial shipment Easter 2005: 
consumers survey 
Bouquets of mixed tulips were sold by 
internet to consumers. 
All 178 consumers surveyed by the 
internet company gave positive reactions 
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Daffodil: variety very important !!! 
M 
Cultivar Average # exp. 
Vase life 
[days] 
Vase life # exp. 
Reduction 
[%] 
Dutch Master 
Carlton 
Standard-Value-
6.1 1 
5.7 11 
4.2 5 
4.1 2 
16 7 
25 3 
36 2 
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Daffodil 
• Dry transport 
• Vertical (dry) transport: 
• Longer vase life 
• Better flower opening 
during vase life 
• Less leaf yellowing 
• At 0.5°C: minimal effect 
on stem bending 
horizontally vertically 
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Hippeastrum 
• Valentine trial shipment: 
• The flowers are in a good 
condition \ 
• The boxes are too weak 
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After 17 d 0.5°C 
Without 
bulbparts, CCB 
With bulbparts, 
water 
After 17 d 0.5°C 
+ 2d 12°C 
• Hyacinth 
• Only variety "Delft Blue" 
• Remove bulbpart, before or after 
transport 
• Vase solution: Chrysal Clear for 
bulbflowers (CCB) 
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• Freesia 
• Only successful if harvested "very unripe", pretreated in 
Chrysal AVB, transported in water, vase solution CCB 
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Excellent Flair Green Condor 
Hypericum 
• Choice of variety 
very important 
• Problem: leaf 
browning: no 
solution found 
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not acceptable 
• Carnation 
• Cultivar choice most important 
factor 
• Harvest in "early paintbrush 
stage" (2 - 3) 
spray 
carnations 
Chateau 
Crimson 
Farida 
standard 
carnations 
Nelson 
White Liberty 
Natila 
White Natila 
Fortune 
Yvonne abgr 
^vonne_Oran2e_ 
transit time 
acceptable 
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Chrysanthemum 
• Order of importance 
1. Cultivar choice 
2. Display time 
3. Additives 
Problems 
1. Leaf problems 
2. Botrytis 
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°C 0.5°C 
Suât*! 
• Gypsophila 
• Weight loss and quality 
• Clear relation between weight loss during transport and 
wilting after two days of vase life 
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Alstroemeria 
Problem: leaf 
quality 
• Remove leaves 
from lower part 
of the stems 
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Rose 
• Apply anti-Botrytis treatment 
• Packaging 
• No flowers in bunch 
• Airflow through packages near flowers (avoid dehydration) 
• Packing density not too high 
mn 
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• Plants 
Factors influencing quality 
• Time & Temperature 
• Relative Humidity 
• 02/C02 (CA/MA) 
• Dark/Light (LED's?) 
• Ethylene 
• Packaging 
JX 
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• Plants 
• Time & temperature 
Current practice: 15°C (mixed load) 
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Begonia "Netja" 
O 
o 
U) 
u <D 
£ O 
transport recovery period 
0 5 10 15 
time (days) 
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Standaard 
—•—MA/ CA 
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• Plants 
• Ethylene 
• 1-mcp gas treatment 
Hibiscus 
• during 6 days dark transport • during following 1 week • total 
no bud drop 
untreated treated 
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• What to do with unknown species / 
varieties / origin? 
• Test transportability 
• Botrytis (hotbox) 
• Time & temperature 
• Treatments 
and / or 
• Send a small quantity of the unknown 
varieties to your customer(s) and ask for 
respons 
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Thank you for your attention 
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Eelke Westra 
Handling and shipping melons 
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Introduction 
Quality characteristics of melons 
Practical case 
An A&F approach 
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Large volume 
• 11 OOxl O6 kg (Dutch import) 
• 55.000 40ft cont. 
Import NL 
• 42% Europe 
• 38% Latin America 
• 16% Africa 
China biggest producer 
Melons S Gfspes 
I 8°° 
i 600 
& 
2000 2001 2002 2003 2004 2005 2006 2007 2006 
Year 
• Europe 
a Africa 
• Central and South 
America 
• North America 
I Asia 
A A G R D T E C H N O  L D  G Y  &  F  •  •  D  S C I E N C E S  G R O U P  W A G  E N I N G E N  
Sweet, Firm and juicy 
Ripen from the inside 
Sugar content does not 
increase after harvest 
External color may change, 
internal color changes very 
little 
So important to harvest at 
right maturity stage! 
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Harvest stage: 
• Fruit separates from stem (called "slip") 
• External color changes from green to yellow-green 
• The netting is well developed 
Cooling and Storage: 
• Cantaloupes must be cooled a.s.a.p. to 2°C 
• They are slightly chilling sensitive 
• Below 5°C they can be stored for 2-3 weeks 
• Water loss must be prevented 
Cantaloupes are susceptible to handling damage 
• Surveyors: what's is most important quality topic? 
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Harvesting stage: 
• Difficult to see. Color white with little green, slightly waxy, 
crisp flesh, firm, brix 11%. 
Cooling and Storage: 
• Chilling sensitive and not be cooled below 5°C. 
• Before loading they must be cooled 
• Cooling depends on maturity stage, immature 10°C, mature 
5°C 
• What is common practice 
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Fruit quality problems 
• unripe (more often) 
• Hard, tasteless, not sweet, 
raw/grass taste 
• Over ripe (less) 
• Off-flavors, soft 
• Brix/sugar 
• taste 
• Firmness 
• Pathogenic disorders 
' v\ V 
J f ' .  
Very often consumers are disappointed 
no repeated purchase 
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Investigate: 
• What people tell us: 
• Harvest when stage is optimal... 
• After harvest everything is transported 
• My temperature control is optimal.... 
• What happens: 
• Go there 
• See the operation 
• Measure 
• Temperature 
• Brix 
• Quick wins and further improvements 
• How to treat the melon 
• Future 
• Research / designed tests 
to the packhouse immediately 
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SmartFresh 
• l-mcp treatment 
Xtend 
• Product specific liner 
!SMk| 
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Measurements 
• Instrumental: 
• Image analysis 
• Metabolomics 
• Volatiles 
• E-Nose low cost sensors 
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Maintaining Quality 
An art on itself 
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Photo impression of the practical 
and the cooking event 
Photo impression of the practical and the cooking event 

